The requirement of the inorganc carbon (CI) transport system for light in cyanobacteria was investigated in Anabaena variabilis by the filtering centrifugation technique and in a mutant (Ej) isolated from Anacystis nidulans using a ps exchange system. C, transport capability increased with time of preillumination and decreased following darkening. Full activity could not be obtained by operating either photosystem II (PSII) or photosystem I alone. 3(3,4 Dichlorophenyl)-1,1 dimethylurea strongly inhibited C, uptake. Very low activity of PSII was sufficient to activate C, uptake. However, in the presence of dithiothreitol PSII activity was not required. We conclude that light may be required to activate as well as to energize C, uptake in cyanobacteria.
Cyanobacteria cells are capable of accumulating Cj2 against its electrochemical potential (1, 4, 6, 8) . The extent ofaccumulation depends on the extracellular C, concentration and the concentration of CO2 experienced by the cells during growth (4, 8) . Hyperpolarization ofthe plasma membrane following the supply of HCO3 has been interpreted to indicate the involvement of a primary electrogenic pump in C, transport (5, 6) . The nature of this pump and thus the mode of energization of C, uptake are not yet understood. The possible involvement of a H+-HCO3 symport secondary to a H+ extrusion pump has been rejected on energetic ground (15) . Two other alternatives have been raised: a primary electrogenic HC03-pump and a Na'-HCO3 symport secondary to Na+ extrusion pump (6, 12) . C, uptake is light dependent and is severely inhibited by dark and DCMU (1, 4, 8, 9) . The requirement for light however, is not yet understood. Recent studies by Ogawa et al. (9, 10) , using a gas exchange system have implicated PSI activity as the mean by which energy is supplied for C, uptake. Some of our present experiments on the requirement for light were conducted using a mutant (El), isolated from Anacystis nidulans R2, which does not grow at air level of CO2 (7) . This mutant undergoes adaptation from high to low level of ambient CO2 as indicated by the large increase in its ability to accumulate C, internally during the time of exposure to low CO2 ( 11) . E, however, does not fix C02 under low ambient CO2 concentration and thus inhibitors were ' Supported by a grant from the United States-Israel Binational Science Foundation (BSF) and by the Institute of Chemical and Physical Research (RIKEN).
2Abbreviations: CQ, inorganic carbon; IAC, iodoacetamide; DBMIB, 2,5-dibromo-3-methyl-6-isopropyl-P-benzoquinone; DCPIP, 2,6-dichlorophenolindophenol; R, red; FR, far-red. not required to distinguish between CO2 uptake into the intracellular CQ pool and CO2 fixation into photosynthetic products (9, 10) . This mutant can thus be used to study the demand for light of the 'CO2 concentrating system' of cyanobacteria, while minimizing the complications due to CO2 fixation.
MATERIALS AND METHODS
Anabaena variabilis cells were grown under air level of CO2 as described previously (14) . Accumulation of C, within the cells was measured by the filtering centrifugation technique (14) . The mutant E, isolated from Anacystis nidulans R2 (7) was grown in the presence of 4% CO2 in air at 34C in a BGl 1 medium (13) supplemented with 10 mM Hepes-NaOH (pH 7.5). Measurements ofCO2 exchange were carried out in a gas exchange system (9, 10) (Fig. 2) . A slow rise in the Ci transport activity as well as in the photosynthetic rate was observed. These data may indicate that the photosynthetic machinery as well as the CQ transporting system undergoes activation by light. The induction of photosynthesis by light has been attributed to the activation ofseveral enzymes ofthe carbon fixation cycle by the ferredoxin-thioredoxin system (2, 3). The shorter t½ for activation of C1 transport than for photosynthesis ( Fig. 2) does not necessarily mean a different activation mode for the two processes.
Cells ofAnabaena were allowed to utilize the CQ in the medium, in the 02 electrode chamber and then transferred to the microfuge tube in the light. Light was turned off for various lengths of time followed by the addition of CQ for 10 s (Fig. 3) . The Photosynthesis was only 50% inhibited in the presence of DCPIP (100 Mm). Since CO2 fixation depend on the turnover of NADP/NADPH, these data indicate that PSI was also operating. Whether electrons were donated from PSII or from reduced DCPIP is not known. Yet, draining electrons from PSII to DCPIP 5 20 inhibited Ci uptake. In the presence of DCMU and reduced DCPIP, Ci uptake was 70% inhibited indicating that PSI alone ity in dark adapted A. could not drive C, transport. The ATP level in the cells as affected ere provided with 100 by these treatments was not determined. However, Ogawa et al. , 400-700 nm) after (9) showed that it is hardly affected when PSII is the only PS pes-NaOH buffer (20 operating. While (between the air entering and leaving the cell chamber) upon illumination. These can be converted to the rate of CO2 uptake taking the flow rate and cell density into account. Exchange of CO2 between the gas phase and the buffered medium and mixing with the air volume (from the chamber to the CO2 detector) will tend to slow down the measured initial rate of CO2 exchange. The magnitude of this effect is expected to increase at elevated rate of CO2 uptake. Thus, we expect these limitations of the measuring system to result in underestimation of the true response to treatments which stimulates Ci uptake upon illumination.
In dark adapted El cells the rate ofCO2 uptake slowly increased to a maximum following FR illumination through filter (Fig.  4a) . When the cells were preilluminated by low light intensity of R (1% of the saturating light intensity), which by itself was insufficient to result in net CO2 uptake, the rate of CO2 uptake increased much faster (Fig. 4b) but reached the same maximal rate of CO2 uptake. The data indicate that the low intensity R light resulted in faster activation rather than an effect on the energization. The extent of activation brought about by preillumination by R was time dependent. It decreased to the level of dark adapted cells (Fig. 4a ) within 3 to 4 min after turning the R light off. In the presence of DTT (Fig. 4c) we observed full activity following FR light without any preillumination (as in Fig. 4b ). These data support the above conclusion that the effect ofR light (Fig. 4b) was due to activation rather than energization. DCMU (10 lsM) severely inhibited the activation by R light (Fig.   4d ). However, addition of 10 mM DTT after (Fig. 4e) The data in Figure 4 strongly suggest that PSII activity is required for activation of the Ci transporting system in El cells.
The slow activation in dark adapted cells in the presence of FR light is probably due to the very low PSII light transmitted by this filter (Fig. 1) . The mechanism of activation by DTT in the presence or absence ofDCMU is not yet understood. Facilitation of Ci uptake by DTT was also observed in Anabaena using the filtering centrifugation technique (not shown). This effect ofDTT resembles the case of light activated enzymes in which DTT can replace reduced ferredoxin and activate the enzymes in vitro (2) . Whether ferredoxin is also involved in activation of Ci uptake is yet to be established.
H202 is known to inactivate ferredoxin (or DTT) activated enzymes. At concentrations higher than 0.025% H202 strongly inhibited C, uptake (Fig. Sc) . At lower concentrations, however, it slowed down the initial rate of Ci uptake without a marked effect on the maximal one or on the rate ofefflux upon darkening (Fig. 5) . We may conclude that at low concentrations, H202 inhibited the activation by light of the Ci transporting system. Energization of Ci uptake by light is most probably due to light dependent ATP formation. Since El mutant does not fix CO2 at the concentration of CO2 used here (400 ,ul/L), electron transport from ferredoxin to NADP is most probably inhibited. ATP formation in El must therefore depend primarily on cyclic or pseudocyclic electron transport. However, the relative roles of PSII and PSI in energization of Ci uptake in a wild type, under air level of C02, is yet to be established. In a previous study (9, 10) it was observed that DCMU did not inhibit CO2 uptake in the presence of IAC. In the study presented here, DCMU strongly inhibited CO2 uptake by Anabaena and the mutant El. The reasons for the discrepancy between the data presented here and those observed earlier are yet to be established.
